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REMARKS 

Reconsideration of the above-identified application in view of the foregoing 
amendments and following remarks is respectfully requested. 

I. Claim Status / Explanation of Amendments 

Claims 1, 3-4, 7, 15-19, and 22 are pending and were rejected, and claim 21 was 
previously withdrawn from consideration. By this paper, claim 1 is amended, and claim 
22 is cancelled without prejudice or disclaimer. No new matter will be introduced into 
this application by entry of these amendments. 

II. Rejections Under 35 U.S.C. §112: 

Claim 22 was rejected pursuant to 35 U.S.C. § 112, first paragraph, as allegedly 
failing to comply with the written description requirement. [6/7/2010 Office Action, p. 2]. 
In order to expedite prosecution of this application, claim 22 has been cancelled without 
prejudice or disclaimer. Accordingly, the Section 112 rejection of claim 22 has been 
rendered moot. 

III. Rejections Under 35 U.S.C. § 103: 

Claims 1, 3-4, 7 and 15-19 were rejected under 35 U.S.C. § 103(a) as allegedly 
being unpatentable over U.S. Patent No. 4,742,110 to Sakashita, et al. (hereinafter 
"Sakashita"). [6/7/2010 Office Action, p. 3]. Applicants respectfully traverse the 
rejection since, as set forth in detail below, Sakashita fails to fails to teach or disclose a 
coating composition consisting of a polyimide or polyamide-imide binder resin. That is, 
"polyamide or polyamide-imide" resin recited in claim 1 is patentably different from "the 
polyamide composition" described in Sakashita. Indeed, "the polyamide composition" 
described in Sakashita is inadequate for use as a sliding film for a sliding part. 
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It is well known that the temperature of a sliding part rises due to friction forces 
generated by its sliding actions. By way of example, for the sliding parts in a 
compressor, temperatures ranging from 150°C to 180°C are generally anticipated, and 
even 200°C can be obtained under more onerous conditions. Thus, a sliding film is 
designed to endure such high temperatures. 

The "Comprehensive Composite Materials" handbook discloses glass transition 
temperatures of polyimide, polyamideimide, and polyamide 1 . "[W]hen the glass 
transition is exceeded, brisk molecular movement takes place, resulting in remarkable 
decrease in elastic modules and conspicuous volume expansion. Thus, the melting 
point with crystalline polymers and the glass transition temperature with amorphous 
polymers become criteria to determine heat resistance." 2 Since the glass transition 
temperature of polyamide is 70°C, polyamide is not suitable for use in the sliding 
film for the sliding part at all. 

Indeed, the Sakashita patent itself shows the polyamide composition is 
not suitable for use in the sliding film for a sliding part. Directing the 
Examiner's attention to Examples 1-7 described in Table 4 of Sakashita patent, 
the distortion temperature for Example 5 is 173°C, but the distortion temperatures 
for Examples 1-4 and 6 are on the order of 140°C which is fairly lower than 
Example 5. A composition which distorts at 140°C or 173°C is not adapted to be 
used as a sliding film for the sliding part. Example 7 is exceptional in that the 
distortion temperature is indicated as being greater than 250°C. However, 

1 A. Kelly and C. Zweben, "Comprehensive Composite Materials," Elsevier Science, (2000) at J. D. Muzzy, " 
Thermoplastics - Properties, Table 1 , Part B. See Exhibit A hereto. 

2 Booklet on Engineering Plastics, The Japan Engineering Plastics Association (1991) at p. 14. See Exhibit B 
hereto. 

-7 of 10- 

NY 632225 



Patent Appl. Ser. No. 1 0/823, 1 99 Docket No. 1 004378.51 670 

Reply to June 7, 2010 Office Action 

Example 7 included 20% of glass fibers therein so that the distortion 
temperature of Example 7 was improved. Thus, Example 7 does not show that a 
polyamide composition has a high distortion temperature. 

The "deflection temperature under load" is used as a measure of heat resistance, 
and refers to the temperature at which resins are brought to deformation. With fiber 
reinforced polymers especially crystalline polymers, the molecular movement at the 
glass transition temperature is restricted, exhibiting a behavior that the materials 
apparently withstand as applied load. For this reason, apart from the deflection 
temperature under load, long-term continuous service temperatures are determined. 3 

Referring to Figure 2.2.1 of the Booklet on Engineering Plastics ( see Exh. B 
at p. 15), the figure shows a relation between a continuous usage temperature and 
a deflection temperature under load. Figure 2.2.1 discloses that the continuous 
usage temperatures for polyimide and polyamide-imide are greater than 230°C, but 
the continuous usage temperatures for nylon and nylon-GF (glass-fiber-enforced 
nylon) is lower than 120°C. From this figure, it is clear that nylon cannot be used 
under a high temperature. 

Sakashita patent describes that imide-based resins such as polyimides and 
polyamide-imides may be incorporated into the polyamide composition. See column 
6, lines 19-22. However, the description is that these imide based resins are 
merely exemplified as "stabilizers, plasticizers, parting agents, lubricants and fillers." 
See column 5, line 68 of column 6, line 1. A person of ordinary skill in the art 
would believe that the addition of the imide-based resin is to improve the 

3 Booklet on Engineering Plastics, The Japan Engineering Plastics Association (1991) at pp. 14-15. See Exhibit B 
hereto. 
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properties of the composition by adding solid filler which does not melt under high 
temperature. Prior art patents disclose that polyimide fibers are added as a filler to 
improve fire resistance or flame retardant property. 4 

The imide-based resin of the present invention also acts as a binder resin, 
when it is dissolved, which securely adheres the sliding film to the sliding part body, 
or solid lubricants and/or titanium oxide powders contained in the coating 
composition to the sliding film. On the other hand, even if it is suggested in 
Sakashita patent that imide-based resins are added, the imide-based resins does 
not function as a binder resin. 

Accordingly, Sakashita fails to teach, disclose, or suggest a "wear resistant and 
seizure resistant film wherein the film is formed of a coating composition comprising a 
binder resin, which is polyimide or polyamide-imide" as recited in Applicants' amended 
claim 1 . Applicants submit that claim 1 is patentable over Sakashita for at least this 
reason. Claims 3-4, 7, and 15-19 are also deemed to be in condition for allowance by 
way of their direct or indirect dependence on claim 1. Applicants therefore respectfully 
request that the Section 103 rejection of claims 1, 3-4, 7, and 15-19 be withdrawn and 
submit that these claims are now allowable for the above reasons. Early, favorable 
action in that regard is respectfully requested. 



4 See Kaide U.S. Patent No. 4,255,318 at column 4, lines 39 and 40 [Exh. C hereto]; Inagaki U.S. Patent 
No. 4,191,675 at column 2, lines 22-27 [Exh. D hereto]; and Mitani U.S. Patent No. 3,937,689 at column 6, lines 
10-16 [Exh. E hereto]. 
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CONCLUSION 



In light of the foregoing claim amendments and response, Applicants respectfully 
submit that all of the pending claims are now in condition for allowance. Thus, it is 
respectfully requested that the rejections under §§112 and 103 be withdrawn, and all 
the claims be allowed such that this application may expeditiously pass to issue. 



The Commissioner is hereby authorized to charge the fee for a one-month 
extension of time or credit any overpayment for an extension of time to Deposit Account 
No. 504827, Order No. 1004378.51670. The Commissioner is hereby authorized to 
charge any additional fees which may be required for consideration of this Document to 
Deposit Account No. 504827, Order No. 1004378.51670. 
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2.3 

Thermoplastics - Properties 



J. D. Muzzy 

Georgia Institute of Technology, Atlanta, GA, USA 



2.3.1 INTRODUCTION 

2.3.2 GENERAL FEATURES 

2.3.3 GUIDELINES FOR SELECTION OF POLYMERS AND PROPERTIES 

2.3.4 THERMOPLASTIC GROUPS 

2.3.4.1.1 Polyolefins 

2.3.4.1.2 Styrenics 

2.3.4.1.3 Vinyls 

2.3.4.1.4 Acrylics 

2.3.4.1.5 Fluordpolymers 

2.3.4.1.6 Polyesters 

2.3.4.1.7 Polyamides (Nylons) 

2.3.4.1.8 Polyimides 

2.3.4.1.9 Polyethers 

2. 3. 4.1.10 Sulfur Containing polymers 

2.3.4.1.11 Additional Thermoplastics 

2.3.5 ACKNOWLEDGEMENTS 

2.3.6 REFERENCES 

2.3.1 Introduction 

The primary objective of this chapter is to present representative properties of thermoplastics. 
First, some general comparisons with thermosetting matrices are presented since most high 
performance composites have thermosetting matrices. Next, eleven groups are established for 
dividing the presentation of 40 different types of thermoplastics. Then the properties of these 
thermoplastic types are presented. 

Not all types of thermoplastics are included in this chapter. Thermoplastic rubbers have been 
excluded since these rubbers have low elastic moduli. Usually the reason for reinforcing a 
thermoplastic is to increase its stiffness and strength. From this perspective a thermoplastic 
rubber represents a low starting point. If the property desired is high impact strength or 
durability, then reinforcing a thermoplastic rubber should be considered. 

2.3.2 General Features 

The mechanical properties of polymers are sensitive to temperature changes. Figure 1 illustrates 
the change in modulus with respect to temperature for an amorphous thermoplastic. Below its 
glass transition temperature (Tg) the modulus is relatively constant with a value close to 2.8 GPa 
(0.4 msi). As the temperature increases above T g the modulus drops roughly three orders of 
magnitude to 0.28 GPa (0.4 ksi) as the polymer becomes rubbery. If the molecular weight of the 



Table 1, Part B 
Thermoplastic Selling Prices and Transition Temperatures 
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2.3.4.6 


Polyesters, continued 














20 Polyarylate 


PAR 


2.40 


5.29 


190 


am* 




2 1 Liquid Crystal Polyester 


LCP 


12.00 


26.45 




400 


2.3.4.7 


Polyamides (Nylons) 














22 Nylon Type 6 


N6 


1.30 


2.87 


60 


220 




23 Nylon Type 66 


N66 


1.40 


3.07 


70 


260 




24 Nylon Type 1 1 


Nil 


3.35 


7.38 


-70 


185 




25 Nylon Type 12 


N12 


3.30 


7.26 




190 




26 Polyphthalamide 


PPA 








310 




27 Polyamideimide 


PAI 


26.10 


57.52 


275 


am* 


2.3.4.8 


Polyimides 














28 Polyetherimide 


PEI 


6.41 


14.13 


215 


am* 




29 Polyimide 


PI 






320 


385 


2.3.4.9 


Polyethers 














30 Polyacetal 


POM 


1.25 


2.76 


-75 


175 




3 1 Polycarbonate 


PC 


1.55 


3.42 


150 


am* 




32 Polyphenylene oxide blend 


PPO 


1.80 


3.97 110-190 


am* 




33 Polyaryletherketone 


PAEK 


29.50 


65.02 


138 


320-380 




34 Polyetheretherketone 


PEEK 


33.00 


72.73 


145 


335 


2.3.4.10 


Sulfur Containing Polymers 














35 Polyphenylene sulfide 


PPS 






90 


285 




36 Polysulfone 


PSF 


4.40 


9.70 


190 


am* 




37 Polyethersulfone 


PES 


4.40 


9.70 


225 


am* 




38 Polyarylsulfone 


PAS 


4.40 


9.70 


220 


am* 


2.3.4.11 


Additional Thermoplastics 














39 Acrylonitrile copolymer 


ANC 


1.25 


2.76 


95 






40 Polyurethane 


TPU 


2.10 


4.63 




am* 



am* = amorphous 
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merits calling for higher heat resistance of plastics, 
new high heat resistant polymers have been brought 
into existence one by one. 

Polymers having higher heat resistance should 
have greater bonding energy with main chains, one 
of necessary conditions. That is, polymers having 
phenylene groups and with rigid structure can be 
pointed out to have higher heat resistance. 

More in detail, these heat resistant polymers have 
common features as follows: 

1) Polycondensation materials are mainstream. 

2) In the backbone of main chains, the materi- 
als have />-phenylene groups. 

I (1) Melting point (Tm) and Glass Transition 
Temperature (Tg) 
Polymers having a stereoregular structure are readily 
crystallized, and become crystalline polymers with a 
melting point. The melting point (Tni) has a follow- 
ing relation between melt enthalpy (AH) and melt 
entropy (AS): 
Tm-AHIAS 

Where, AH is an intermolecular force, and for 
example, when there are hydrogen bonds, it 
becomes greater. AS becomes smaller when main 
chains have symmetrical structure, are crosslinked, 
and have higher rigidity. 

On the contrary, the polymers such as having 
twisted phenylene groups become amorphous to 
have a glass transition temperature (Tg). 

Generally, below the glass transition temperature, 
the molecular movement is frozen with less change 
in properties, but when the glass transition tempera- 
ture is exceeded, brisk molecular move-mem takes 
place, resulting in remarkable decrease in elastic 
modulus and conspicuous volume expansion. 

Thus, the melting point with crystalline poly- 
mers and the glass transition temperature with amor- 
phous polymers become criteria to determine heat 
resistance. 



2.2.2 Practical Heat Resistance of Poly- 
mers 

(1) Short-Term Heat Resistance 

The melting point and glass transition temperature 
of polymers are the points of behavior accompanied 
with phase changes inherent in polymers, and it is 
clear these are not the criteria by which polymers 
can be understood to be capable of use practically. 

Whafs realistically used as a measure of heat 
resistance is the deflection temperature under load 
(DTUL, formerly called HDT). 

The determination is comprised of, heating a test- 
ing specimen under a load of 1.8 or 0.5 MPa. the 
temperature at which the specimen starts to deform. 
Polymers themselves deform at the temperature, so 
that it is natural that the temperature range in which 
the polymers can be used is less than the stress level. 
Normally, in case of short-term usage, it appears 
that the temperature about 10°C less than the level is 
considered the upper-limit usable temperature of 
polymers. 

(2) Long-Term Heat Resistance 

Deflection temperature under load refers to the tem- 
perature at which resins are brought to deformation, 
implying that the temperature cannot be said to be 
practical. Especially, in such a case when it is 
intended to use resins for a long period, it is neces- 
sary to clarify the heat resistant properties resins 
possess. With fiber reinforced polymers, especially 
crystalline polymers, the molecular movement ai the 
glass transition temperature is restricted, exhibiting 
a behavior that the materials apparently withstand a 
load applied. For the reason, apart from the deflec- 
tion temperature under load, long-term continuous 
service temperatures are determined. 

As for the long-term continuous service tempera 
turc, a method of determination is decided by UL 
specifications as a criterion, defining that the service 
temperature refers to the temperature at which ; 
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material's physical properties are reduced by half 
through exposure to elevated temperatures for sever- 
al ten thousands hours. With focus placed on the 
usage results with a variety of polymers, the long- 
term continuous service temperatures are obtained, 
the relation of which with deflection temperatures 
under load is shown in Fig. 2.2.1. 

What should be taken into account with the fig- 
ure is that while in case of crystalline polymers, heat 
deflection temperature under load increases remark- 
ably by reinforcing with glass fiber, the long-term 
continuous serviceable temperatures are similar to 
the level with unreinforced grades. Special attention 
should be paid to such resins as polyamide. PBT. 
etc. 

On the other hand, PTFE. PEEK, and some oth- 
ers have heat deflection temperature under load not 
so high with unreinforced grades, but when used 
under a smaller load, have heat resistance up to 250- 
260°C. 

The temperature for long-term continuous uses at 
which polymer materials can withstand differs 
depending on the conditions of how the load is 
applied, how the materials are used, and on environ- 
ment and heat dissipation conditions, and other fac- 
tors, so that most suitable resins should be selected 
with sufficient considerations placed on the level of 
requirements on specifications. 

In case of amorphous polymers, additionally, the 
deflection temperature under load increases only 
slightly with the addition of glass fiber. 

(3) Soldering Heat Resistance 
Packaging of electric/electronics parts applied to 
printed circuit boards was mainly carried out for- 
merly by directly immersing these parts into a 
molten soldering bath, but the method today has 
been shifted to the re flaw soldering method. 

Generally, with the former case, the soldering 
bath has a temperature of 260°C, indicating that 
without having the heat resistance exceeding the 




°0 100 200 300 

Defection temperature under load (18.6 kg/cm!) <"C) 

Fig. 2.2.1 Correlation between heat deflection tempera- 
ture under load, and temperature 



level, terminals of soldering parts become loosened, 
or resin materials are molten during the soldering 
process, an inconvenient phenomenon. 

The guidelines of heat resistance are heat deflec- 
tion temperature being 260"C as feasible, because 
of the extremely short time for the soldering pro- 
cess. Some large sized parts have greater heat capac- 
ity, and before the temperature reaches 260°C, the 
soldering process could be finished, so that it 
appears materials having a heat deflection tempera- 
ture under load in a range of 220-230°C could with- 
stand. 

On the other hand, however, in order to shorten 
treating time, to secure the soldering process, and 
not to leave excess molten solder on printed circuits, 
there is a tendency to apply soldering at still higher 
temperature. As a result, even with the reflow 
method, resin materials without the heat deflection 
temperature under load above 260°C have come to 
be incapable of withstanding. 

Reflow soldering is a method brought to practice 
in accordance with miniaturization and mass pro- 
duction of electric/electronics parts and components, 
and is often used for the production of chip parts. 
These parts are treated under circumstances heated 
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[57] ABSTRACT 
A composition for filling the spaces in bares penetrating 
walls and floors of buildings and having electric wires 
and cables extending therethrough or for filling the 
clearances at the joints of interior finishing materials of 
buildings. The composition comprises (a) 100 parts by 
weight of a curable polychloroprene in a liquid state at 
room temperature, (b) about 200 to about 700 parts by 
weight of a hydrated metallic oxide, and (c) about 20 to 
about 100 parts by weight of a heat-resistant fibrous 
material. The components (b) and (c) are contained in a 
combined amount of at least about 250 parts by weight 
per 100 parts by weight of the component (a). The 
composition will not soften, sag or drip in molten drops 
even when subjected to the high-temperature condi- 
tions of a fire, and gives a tough residual product retain- 
ing the original shape when burned and ashed, effec- 
tively preventing the spread of fire and assuring out- 
standing smoketightness. 

25 Claims, No Drawings 
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curing agent selected from the above are used accord- component (b) present, the putty-like composition has 

ing to the end group of polychloroprene. greatly increased flowabiltty. is prone to deformation 

These curing agents are used in an amount of about vyhen applied even at room temperature, is liable to 

0.5 to about 20 parts by weight per 100 parts by weight soften and drop when subjected to the heat of fires and 

of the jiqmd polychloroprene. 5 gives a brittle residue when ashed. With use of more 

Preferable among the liquid polychioroprenes exem- than soout 700 parts by we . ight o( ^ componell t (b), 
plified above are those having a viscosity ofabout 5,000 At ingredients (a), (b) and <c> will have reduced corn- 
to about 500,000 cps, especially about 10,000 to about tibi , it when th arem ^ d> while the resulting com- 
300,OOOcp S , atroom temperature (25* C.). With respect * osition > h not Mtis f aoto rity applicable to'spacesfbores 

^Jt^^^^^^^Tf^^ 10 ° r the like and affords tow aMghtness even at room 

anthate group m which Hie alky] has 2 to about 10 car- ».__«,«♦,,_ ;„ „i«„„ 

bon atoms such as ethyl, propyl, butyl etc. It is also II^Zf^ m r. T ;^ „, w, ,™ BM 

desirable to use those having a hydroxyl end group . ( .„ Whe " th = ™™P on ™\ 0>) comprises at least two por- 

conjointly with a diisocyanate such as tolyIenedii£>cya- , ( ons of . dlfferent ^ e s . ,zes ; * e P°f on U P t0 abou 

nateservmgasacuringagent.Itl S moredesir a bletoi S e 1S ^ ^Z m T P^ 5 * 5 ? 12 * is ""J in an amOB " t ° f 

a liquid polychloroprene having at least one kind of the ab °" 10 ,'° L abo » t 500 P arts bv wel S ht P« K» parts by 

alkylxanthate end groups as admixed with a liquid poly- weight of the other portion with a mean particle size of 

chloroprene having at least one hydroxyl end group in 10 to about 100 if?-. . 

an amount of up to about 100 parts by weight per 100 According to this invention it is advantageous to use 

parts by weight of the former. 2Q the component (b) in combination with particles, 

According to this invention, the liquid polychloro- s maI!er about 10 m<of at least one of clay, zinc 

prenes given above are usable, with or without any of borate,- bentonite, talc, diatomaceous earth,, calcium 

the curing agents mentioned above when so desired. carbonate and mica in an amount of up to about 80% by 

Preferable polychioroprenes are those satisfying curing weight, preferably up to about 50% by weight, based on 

properties as determined by the following test method. „ the component (b). The composition will then afford a 

Test method: 100 parts by weight of the component residual product of enhanced toughness when ashed, 

(a) is admixed with 400 parts by weight of AI2O3. 3H2O Among the above-mentioned materials, clay, zinc bo- 

(mean perticle sfzej 3.5 jim) and 30 parts by weight of rate and bentonite are especially advantageous to use. 

glass fiber (mean diameter: 13 jtm, mean length; 6 mm) The heat-resistant fibrous materials useful as the com- 

and the mixture is kneaded into a putty-like composi- 3Q ponent (c) of the present compositions are inorganic 

tion, which is then heated at 250' C. for 30 minutes. The fibers, and organic polymeric fibers which will not 

component (a) is acceptable when the composition, thermally deform at temperatures of lower than about 

after the heating, is up to about 1. preferably up to about 250' C. Such fibers are up to about 100 pm, preferably 

0.5 in cone penetration value evaluated in accordance about 0.5 to about 50 (xm, in mean diameter and up to 

with JIS A 5752-1966 (mm/150 g, 5 sec, at 20" C). , s about 30 mm, preferably about 1 to about 20 mm, in 

The hydrated metallic oxide (or hydroxide of metal) mea n length, 

serving as the component (b) of the present composi- Examples of useful inorganic fibers are glass fiber, 



asbestos fiber, carbon fiber, etc. Examples of suitable 



powder havmg a mean particle size of up to about 100 organic polymeric fibers are phenolic resin fibers, poly- \ 
j*m, prefereably up to about 80 um, and having a heat imide flber> p 0 i yarn i Q e.imide fiber, etc. Among these J 
IoSS of , at i? 3 * 1 about 8% by weight, preferably, at least w nberSi gIaS5 fiber ^ testes fiber ,„ preferable. A ' 



tions is in the form of a fire-retardant or nonflammable 
powder having a mean particle size of up to about 100 
fim, prefereably up to about 80 fim, and having a heat 
loss of at least about 8% by weight, preferably, at least 
about 20% by weight obtained by the following for- 

mula: ble. 

hem ins* «vr» a B/^vion The heat-resistant fibers serving as the component (c) 
K ' w 4S arc used in an amount of about 20 to about 100 parts by 
Wnere weight, preferably about 20 to about 60 parts by weight, 
A: initial weight of sample per 100 parts by weight of the component (a). With less 
B: constant weight or sample after heating at a tern- than about ?° P art ? b " wei S ht of the component (c), the 
perature of 400 ±20' C. putty-like composition, when exposed to the high tem- 
Exaraples of useful hydrated metallic oxides are hy- 50 P«*ture of a fire, is liable to soften and sag, and also 
drated aluminas, represented by the formular AhOa-n- faiIs t0 S» ve 8 tou S n 8shed product If used in an amount 
HjO(n being 0.5-about 6), such as AhO^IfeO, Al 2 Ov of raore than about 100 P"* 8 bv ,he component 
H 2 0, AI2O3.2H2O, Al2O3.3H20(AJ(OH)3), etc. and (°> will be less compatible with the other ingredients 
hydrated magnesias such as Mg(OH)2, etc wnen formulated into a putty-like composition, while 
It is preferably to use a hydraled metallic oxide com- 55 the composition is not satisfactorily applicable and pro- 
prising at least two portions which differ in particle size; vides impaired airnghtness at room temperature if used, 
or to conjointly use at least two kinds of hydrated me- 'be heat-resistant fibrous material (c) com- 
tallic oxides which differ in particle size. Stated more P rises a mixture of glass fiber and asbestos fiber, it is 
specifically, the component (b) comprises at least two suitable to use about 10 to about 300 parts by weight of 
portions one of which has a mean particle size of about «0 asbestos fiber per 100 parts by weight of glass fiber. 
10 to about 100 ftm, preferably about 10 to about 80 fim, As described above, the fire-retardant putty-like 
the other portion being up -to. about 10 pun in mean compositions of the present invention consist essentially 
particle size. of 100 parts by weight of the component (a), about 200 
The hydrated metallic oxides serving as the compo- to about 700 parts by weight'of the component (b) and 
nent (b) are used in an amount of about 200 to about 700 <5 about 20 to about 300 parts by weight of the component 
by weight, preferably about 250 to about 450 parts (c). It is also critical that the compositions contain the 
. weight, per 100 parts by weight of the component component (b) and the component (c) in a combined 
(a). With less than about 200 parts by weight of the amount of at least about 250 parts by weight per 100 



parts 
by wi 
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ABSTRACT 



A fire 

about 20 to about 40% by weight of an emulsion of a 
synthetic resin, about 1 to about 15% by weight of 
non-fusible organic fibers, about 20 to about 70% by 
weight of an inorganic powder at least about S0% of 
which is clay and/or rinc bprate, and about 5 to 20% by 
weight of a halogenated hydrocarbon, all percentages 



7Claims,2I>rawhigHgures. 
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1 2 

mESPKEAO^^ORCOMP^mbN ^^^^JSSSSiS 
. BAC^GROUND.O.PTHB^miON - SSSSSSSE^ 

- -• . • 5 mg.personnel, and' the spraying of a composition con- 
e spreading inhibitor • taking asbestos is lawfully prohibited undersome con- 



2. Description of the Prior Art Furthermore, the fire spreading inhibition effect of 

Building materials and cables, etc. made of combusfi- such a conventional composition is iiot entirely satisfac- 
We materials, especially combustible plastics such as 10 tory. When a flame comes into contact with a cable 
polyethylene or polyvinyl chloride, readily burn in the coated with the inhibitor composition, cracks occur in 
event of fire, and the fire may spread to other objects that portion of the cable which is vertically oriented 
r^i 0t T**"? ° n ° f h ? USe l and wber *y * e fustible coverLg, such u polyeS 
SZS^ttlSESSS&iR - -.^eth ew ati« fi comesoutandcatch^e. 
referred to lire protective composition" or "fire retar- 
dant" by one skilled in the art) on the surfaces of such 

combustible materials to.prevent the spreading of fire. A fat feature of ^ mvention , ies m ^ „ se rf ^ 
SUMMARY OF THE INVEfcntON 20 S«nic fibers which are non-fusible, i.e., do not melt 

Anobjectofthisinventionistoprovideafirespread- v ! hen , heated : of suitable or 8a«ic fib «* are 

kg inhibitor composition with a superior performance P h e n ?»° rain fibers such as "Kaynol" (registered 
not heretofore attainable. • • . . trademark for a product of Japan Kaynol Co., Ltd.), 

Thepresentmventionprovidesafirespreadmginhib. Poty™^ fibers, polyanudeimi.de fibers, and com- 
itor (position compristagabout-30 to about 4^ by 25 P^V aromatic polyamide fibers such as "Nomex" 
weight of an emulsion of a synthetic resin, about 1 to (tradename, a product of E. I. du Pont de Nemours & 
about 15% by -weight .of non-fusible organic fibers, °°-)' Phenolic resin fibers are especially preferred. It 
about 20 to about 70% by weight of an inorganic pow- has be e" found that &ese organic fibers used in place of 
der at least 50% of which. is clay and/or zinc borate, ^e inorganic fibers fully meet the characteristics re- 
and about 5. to about 20% by weight of a halogenated 30 quired of fireproofing composition, such as strength, 
hydrocarbon,- all percentages being based on the -dry and exhibit a satisfactory fire spreading inhibition effect 
weight of the. composition as a coating. and moreover, the problem of hazardous working con- 

BWEF DESCRIPTION OF THE DRAWINGS ^Ke — of the organic fibers is less than 
FIGS. 1 and 2 show equipment arrangements used in 35 about 1 % by weight, cracks may occur in the coated 
performance of evaluations conducted in the examples. composition during a fire. If the amount is more than 
DETAILED DESCRIPTION OF THE about 15% by weight, thecoatability of thecomposition 

INVENTION ' " " becomes P° Dr - For operational purposes, amounts of 

•rh- -mm. c L ". • about 1 to 5% by weight are preferred. 

^.S? Tffl fJ"' * A second characteristic feature of the present inven- 

vention is especially effective against objects requiring tj oa &ft me 0 f m ^organfe powder at least about 50% 
fle^bdity, weatherability and water resistance, such as of w w cb is OzyZd/ofZl borate Wtafan ordinal 
cabIes.For simplicity, features and advantages of the taJiranic nSrZ* ^wi^*™^^SSfh 
invention wilt be described hereinbelow with special ZSTSk^b^^^i^Z^^ 
regard to cables. Needless to say, however, the compo- 45 liZufZ?, A H** tkm (OP P 

sition of this invention is also effective against other T' T "I' ?f th * °°T S ° f th& """P 051 * 



contact with a flame, and combustible materials such as 
Polyethylene and polyvinyl chloride, for example, P«*«*S*" ^ide the cable comes out and catoh fire, 
have been used heretofore J coverings or jackete for 50 ^^"h a case, the coating ofthe fire spreading inhibitor 
insulators and sheaths, etc. of electric wires and cables. «° m ?f "*» becomes useless since the combustible ma- 
in the event of fire, these combustible coverings will ,erlaI is e3! P osed 80(1 fa n0 longer covered. After exten- 
bum and permit the propagation of the flame and are dve investigations about this point, it was found that 
highly likely to cause damage to a control room and when a P°w de r comprising clay and/or zinc borate is 
other electric facilities, and thus increase the loss due to 55 used ' &e **** of the flame 031,568 tb e clay and/or zino 
fire. In order to prevent such a situation, attempts have borate to form a hard shell upon contact with the flame, 
been made to coat electric wires and cables with foam- aad a flowing of thecombustible materials such as poly- 
able or non-foamable fire spreading inhibitor composi- ethylene to the outside is prevented. It was also found 
tions. For example, U.S. Pat. No. 3,642,531 discloses a that if the amount of the powder is about 20 to about 
typical example of a conventional fire spreading inhibi- 60 W% by weight, and at least about 50% of the entire 
tor composition which comprises a synthetic resin powder is clay and/or zinc borate, even the combined 
emulsion, inorganic fibers such as asbestos, and a halo- use therewith of another inorganic powder such as 
genated hydrocarbon as main Ingredients and an inor- aluminum hydroxide or calcium carbonate can lead to 
ganio filler such as calcium carbonate or silica as an the formation of a sufficiently hard shell and prevent the 
additional ingredient 65 fire from spreading. 

However, the inorganic fibers used fauuch ah inhibi- ' When aluminum hydroxide is used in combination as 

tor composition may cause operational troubles during an inorganic powder, the amount of smoke occurring 

the manufacture of the inhibitor composition. Usually, during burning is reduced, and the fire spreading inhibi- 
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[57] ABSTRACT 

A radical initiator-curable diallyl ester composition 

consisting essentially of 80 - 100% by weight of the 

following components (A) and (B): . 

A. a prepolymer wherein 
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1. 70 - 100 mole % of its structural units are 
derived from a diallyl ester selected from the 
group consisting of 

a. a diallyl ester of benzenedicarboxylic acid 
having the formula (I) 

b. a diallyl ester of cyclohexanedicarboxylic acid 
having the formula (II) 

(H^^f-^S)— {C0OOH 2 CR = CH 2 ) 2 (u) 

c. a mixture of the above (a) and (b); and 

2. 30 - 0 mole % of its structural units are derived 
from other compounds selected from monomeric 
diallyl esters of dibasic acids and other monomers 
and polymers, ' said compound being 
copotymerfcable with said (a) - (c) under the 
conditions of forming said prepolymer; and 

B. a monomer of a ' . diallyl ester of 
naphthalenedicarboxylic acid having the formula (III) 

( % $©~ tCOOOHgOft- CHg) 2 

(hi) 

3 Claims, No Drawings 
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6 

merization accelerators, polymerization retarders, sta- 
bilizers, pigments and silane coupling agents to an ex- 
tent that does not impair the effects of the invention 
composition. 

As the foregoing fillers, included are the inorganic • 
fillers such, for example, as mica, asbestos, powdered 
glass, silica, clay, titanium dioxide, magnesium oxide, 
alumina, asbestos fibers, silica fibers, glass fibers, sili- 
cate glass fibers, alumina fibers, carbon fibers, boron 
fibers, baryllium fibers, steel fibers and whiskers; and 
the organic fillers such as polyethylene, polypropylene, 
polyvinyl chloride, polyvinyl fluoride, polymethyl 
methacrylate, aliphatic and aromatic., polyamides, 
potyimides, polyesterimides, polyamideimides,' pulp, 
such as acrylonitrile, styrene and methacrylate; the is acrylic fibers, polyester fibers, such as polyethylene / 
diallyl and dimethallyl esters of such dibasic acids as terephthalate, cotton and rayon. The amounts in which 
orthophthalaic acid, isophthalic acid, terephthalic acid, these fillers are used can be varied over broad limits, 
methylorthophthalic acid, methylisophthalic acid, me- but preferred is an amount ranging from 20 to 500% by 
thylterephthalic acid, wans- and cis-hexahydroorthoph- weight based on the total of the prepolymer (A) and 
thalic acids, trans- and cis-hexahydroisophthalic acids, 20 monomer (B) and, as the case may be, the copolymer- 
and trans- and cis-hexahydroterephthalic acids; the izabie other monomer and/or polymer (C).. 
diallyl and dimethallyl esters of such dibasic acids as As the properties of the filler have an effect on the 
diphenytmethanedicarboxylic acid, diphenyldicarboxy- properties of the cured product, the class and amount 
lie acid, diphenylsulfonedicarboxylic acid, hexachloro- of the 'filler used are chosen in accordance with the 
endomethylenetetrahydrophthalic acid, maleio acid, 2S properties desired in the intended cured product. For 
fumaric acid, sebacic acid and adipic acid; the prepoly- instance, when the requirement is that the cured prod- 
mers of these dibasic acid diallyl esters and/or dime- uct be especially resistant to heat, an inorganic filler or 
thallyl esters; the prepolymers of the naphthalenedicar- an organic filler excelling in thermal resistance (e.g. 
boxylic acid diallyl esters; the monoallyl esters of polyvinyl fluorine, polybutadiene, an aromatic polyam- 
monobasic acids, such as allyl benzoate, allyl'methacry- 30 ide, polyimide, polyamideimide and polyesterimide) is 
late and allyl naphthoate; the polyallyl esters Buch as chosen. When using these fillers, their mixing with the 
trimellitic acid triallyi ester, triallyl cyanurate, triallyl prepolymer can be accomplished readily and uniformly 
disocyamurate, triallyl phosphate and naphthalenetet- by a procedure consisting of, say, dissolving the forego- 
racarboxylic acid tetrallyl ester; and 1,2- and 1,4- ing prepolymer in an organic solvent 
polybutadiene and the unsaturated polyesters. 35 As the solvent for use in this case, included are such, 

These monomers and/or polymers (C) can be used in for example, as the aromatic hydrocarbons as benzene 
an amount of 20 - 0% by weight, preferably 10 - 0% by and toluene, the ketones as acetone and methyl ethyl 
weight, of the total composition. Of these monomers, in ketone and the lower carboxylic acid esters as ethyl 
tlte case of especially diallyl orthophthalate, diallyl acetate. These solvents can also be used as a mixture, 
isophthalate and diallyl terephthalate, which are mono- 40 As the mold releasing agents, there can be named 
mers that are liquid at room temperature, it is best that such, for example, as stearic acid, lauric acid, and the 
these be used in an amount of not more than 10% by metal salts of these acids, e.g., calcium stearate and 
weight, since adverse effects will be had on the result- zinc stearate. These mold releasing agents can be pref- 
ing resin when used in excess. erably used in an amount of 0.1 - 3% by weight based 

The invention composition is curable with the radical "5 on the total of the aforesaid components (A) and (B) 
initiators. While the amount used of the radical initia- and, as the case may be, the component (C). 
tor and the curing temperature are suitably varied in The aforementioned polymerization accelerator is 
accordance with the makeup of the composition and effective in enhancing the molding speed or reducing 
the class of initiator used, the amount usually used is the molding temperature. Preferably used as this poly- 
preferably about 0.5 -5% by weight based on the total 50 merization accelerator are the organic cobalt com- 
of the aforesaid components <A) and (B) and, as the pounds such, for example, as cobalt naphthanate and 
case may be, the component (C). And a curing temper- cobalt caprylate. These are preferably used in an 
ature usually in the range of about 100 - 200°C. is used. amount of about 0. 1% — about 3% by weight based on 
As this radical initiator, preferably used are such or- the total of the aforesaid components (A) and (B) and, 
ganic peroxides as di-tertiary-butylperoxide, ditertiary- 55 as the case may be, the component (C). 
amylperoxide, benzoyl peroxide, tertiary-butylperben- On the other hand, the aforementioned polymeriza- 
zoate, ditertiary-butylhydrop.eroxide and dicumyl- tion retarder or stabilizer controls the molding speed 
peroxide. Irradiation with electron beam is also effec- and is effective in producing shaped articles with a 
live. For instance, when curing the invention composi- uniform finish. For this purpose, usable are such, for 
tion on the surface of a substrate, the polymerization 60 example, as hydroquinone, n-propylgallate, p-ben- 
and cure of the composition can be accomplished in an zoquinone, tetramethyithhiram disulfide and parame- 
extremely short period of time by irradiation with elec- thoxyphenol. These are preferably used in an amount 
Iron beam of the order of 0.5 - 70 Jvlrad, thus forming of about 0,001% — about 0.1% by weight based on the 
a cured coating on the surface of the substrate. total of the aforesaid components (A) and (B) and, as 

Further, the properties of the resulting cured resin $5 the case may be, the component (C). 
can be improved still further by incorporating in the As the pigments, there are, for example, carbon 
resinous composition of the invention, as required, black, ceramic black, phthalocyanin blue, phthalocya- 
such additives as fillers, mold releasing agents, poly- nin green, titan yellow and titan white, which pigments 



position results to make hs comminution impossible, or 
troubles such as form retention difficulties occur due to 
the blocking phenomenon during the composition's 
storage. On the other hand, when the invention mono- 
mer (B) is used, these troubles at the time of comminu- s 
tion or storage do not happen at all, and the improve- 
ment in the flow is readily attained. 

Further, the invention composition can also contain 
minor amounts of other monomers op polymers (C) 
that are copolymerizable with said prepolymer and/or 10 
monomer at the conditions under which said composi- 
tion is cured. 

As specific examples of these monomers and poly- 
mers (C), mention can be made of the vinyl monomers 



